Growth is most often measured as increase in mass. In an individual cell this process is interrupted by cell division. Growth was: Ca.5; Fe,2; Mn, Zn, and B, 0.5; Cu, 0.04; Mo, 0.02; Co and V, 0.01. Fe, Mn, Zn, Cu, and Co were used as compounds chelated by ethylenediaminetetraacetic acid (EDTA). The pH of the medium was 6.0.
Growth is most often measured as increase in mass. In an individual cell this process is interrupted by cell division. Growth studies on nonsynchronized microbial populations usually produce data affected by both of these processes since a nonsynchronized population consists of cells in various developmental stages. The separation of growth from cell division is technically feasible either in studies of a single cell or of a synchronized population of cells. With the synchronization technique, metabolic activity in a population of cells can be studied as if it had taken place in a single cell. Furthermore, individual variations are cancelled by statistically averaging characteristics of a multitude of cells, each of which is in the same developmental stage. The observations on growth reported in this paper were made on synchronized algal suspensions in which cells were allowed to grow, and in which no cell division took place until after the end of the experiment.
Material & Methqds
The high-temperatture strain, 7-1 1t-05, of Chlorella pyrenoidosa Chick. (10, 14) was grown in a medium containing the following compounds (in grams per liter): KHRPO, 1.31; MgSO4 7H20, 0.5; and urea, 0.44. The concentration of minor elements (in ppm) was: Ca.5; Fe,2; Mn, Zn, and B, 0.5; Cu, 0.04; Mo, 0.02; Co and V, 0.01. Fe, Mn, Zn, Cu, and Co were used as compounds chelated by ethylenediaminetetraacetic acid (EDTA). The pH of the medium was 6 .0.
Test tubes with inner dimensions of 16 X 150 mm were used as culture vessels. The tubes were fitted with cotton plugs, through which cotton-plugged bubbling tubes were passed to supply the cultures with a 4 % CO.-in air mixture. Cultures were grown at a given temperature in a water bath made of lucite. The stock cultures from which inoculations were made were bacteria free, but during growth measurements sterile conditions were not maintained. Illumination was provided by two batteries of cool-white fluorescent lamps placed on opposite sides of the bath. To obtain the highest light intensity studied in these ex-periments, 2,900 ft-c, new lamps were used. Reduced intensities were achieved by placing wire screens and sheets of white paper between the light source and the water bath. Light intensity was measured by a
Weston illumination meter, model 756, with the photocell in water inside the bath at the level of the culture tubes. The reported light intensities have only relative values for reasons discussed in a previous publication (12) .
The synchronization of cells was achieved by an intermittent light: dark regime (9, 15) . Temperature during synchronization was 39 C and light intensity 2,000 ft-c. Growth under specified external conditions was followed as change in optical density measured by a photoelectric colorimeter with a filter transmitting at 600 my. In a wide range of more or less favorable conditions of temperature and illuminance, growth during the life cycle, as measured by changes in dry weight or in optical density, is exponential over a considerable portion of the life cycle. The increase in optical density may fall slightly behind the increase in dry weight (13) due to the possible decrease in chlorophyll concentration in the course of cell development (9) . Under less favorable, and particularly under extreme conditions, the curves describing growth of synchronized populations deviate considerably from the exponential shape, and the determination of the growth rate is uncertain. Such cases draw special attention in later discussion. The slope of the logarithmic growth curve expressed as number of doublings of cell mass over 24 hours (12) 
Results
The effects of light intensity on the rate of the accumulation of cell material at various temperatures are described in figures 1 and 2. A light intensity curve commonly consists of three more or less distinct portions: A: a light dependent portion in which the rate of the process increases with the increase in light intensity, B: a light independent portion or plateau, and C: a light dependent portion in which the rate declines with the increase in light intensity. Not all of these portions are shown in each curve in figures 1 and 2. Light intensity at temperatures 35, 38, and 40 C was not high enough to achieve light saturation and the plateau is, therefore, absent from curves at these temperatures. At several temperatures the light intensity was not high enough to cause the downward trend in growth rates with the further increase in light intensity. Under extreme conditions the growth rate changes continuously during the experiment and measurements of the rate become unreliable. The uncertainty of drawing curves based on such changing rates is indicated in figures 1 and 2 by giving the corresponding portions of the curves in broken lines.
As seen from figure 1, the growth rates are temperature dependent down to and probably below 100 ft-c. This intensity constitutes less than 1/29 of the illuminance for light saturation of the synchronized Fig. 3 (top left). Saturating light intensities (ft-c) for growth and the rates of growth (number of doublings for 24-hour period) at light saturation and half saturation for the synchronized cultures of Chlorella pyrenoidosa, strain 7-11-05. The symbols are as follows: saturating light intensity, crosses; rate of growth at light saturation, triangles; rate of growth at half saturation, circles. 
Discussion
The effects of light intensity on growth of the nonsynchronized algal suspensions were reported in a previous publication (12) . For the nonsynchronized suspension at 25 C the maximum rate at light saturation and the half saturation rate were reported to be, respectively, 3.0 and 2.3 doublings of cell material per 24 hour period. For the synchronized population the corresponding figures are 5.7 and 4.85 doublings per day. The saturating light intensity was 500 ft-c for the nonsynchronized suspension at this temperature. For the synchronized suspension it was close to 850 ft-c. In the nonsynchronized suspension the rate began to decline with further increase in light intensity above 800 ft-c. In the synchronized population of cells no adverse effects of increasing light intensity were observed up to the highest illuminance studied. 2,900 ft-c.
The growth characteristics for the synchronized suspensions at 38 and 40 C are similar (fig 1 & 3) and, therefore, can be compared to those for the nonsynchronized suspension studied at 39 C (12) . Light saturation was observed for the nonsynchronized suspension at 1,400 ft-c; for the synchronized suspension light saturation was not achieved even at 2,900 ft-c. The growth rates at light saturation and at half saturation intensity were recorded for the nonsynchronized suspension to be 9.2 and 7.0 doublings per day. respectively. Since the light saturation was not achieved in experiments with synchronized populations the maximum rate could not be observed. For that reason the rates recorded for the highest light in- Fig. 8 (center) . Same as figure 7, but at 43 C. Fig. 9 (bottom) . Growth of synchronized cultures of Chlorella pyrenoidosa, strain 7-11-05, at 43 C as a function of time. Open symbols connected by solid lines are for suspensions started with inocula from cultures kept during the previous day at 39 C. Closed symbols connected by broken lines are for suspensions started with inocula from cultures kept during the previous day at 43 C. Light intensities indicated on the curves. density used, 2,900 ft-c, and for half of this intensity are given in figure 3 in place of the maximum rates. For synchronized populations they are above 13 at 2,900 ft-c and more than 12 doublings per day at 1,450 ft-c. The saturation plateau on the light intensity curve for the nonsynchronized suspension did not extend much beyond 3,000 ft-c. As has been pointed out earlier, this light intensity was not even high enough to achieve light saturation for the synchronized suspension. These data indicate that, due to the absence of cell division in the synchronized algal suspensions, higher rates of the accumulation of cell material were obtained and no adverse effects of higher light intensities were observed.
It has been suggested that the processes of cell division and of the accumulation of cell material might have different temperature and illuminance characteristics (11, 13) . The limitation of growth in the nonsynchronized populations might be due to the unfavorable effects of higher light intensities on cell division and to the fact that cells approaching and beginning cell division may have a low rate of metabolic activity and of growth.
It has been considered that the limitation of growth rate is not located within the photosynthetic mechanism (4). This conclusion was reached from observations on nonsynchronized cell populations under favorable temperature conditions. One mechanism limiting growth rate under these conditions may be connected with cell division. However, the presence of older and dividing cells in algal populations is.
probably, not the only factor to which the limitation of growth can be due. Under less optimal conditions., e.g.. at lower temperatures, limitation of growth can be located also within the photosynthetic mechanism. At low temperatures growth is extremely sensitive to higher light intensities (figs 4, 5, & 6) . Under constant conditions the accumulation of cell material, as an autocatalytic process, is described by exponential curves. Logarithms of these curves give linear change with time. The deviation of the logarithmic curve from linearity indicates changing conditions during the experiment. This change can be external in origin, e.g., the decrease in light intensity experienced by the individual cells with the increase in optical density of culture. However, the decline in rate was worse at higher light intensities, indicating that light was not the limiting factor. In synchronized suspensions the decline in the rate with time could also be caused by a purely internal factor. Cell growth is normally exponential only over a portion of the life cycle. When cells begin dividing, growth slows and may cease entirely during the last portion of the life cycle even without any deterioration in external conditions. This was not the situation in the experiments described in figures 4, 5, and 6, since the decline in the rate at higher light intensities was observed from the very beginning of cell growth. 
